The theory of perceptual load (Lavie & Tsal, 1994) proposes that with low load in relevant processing left over resources spill over to process irrelevant distractors. Interference could only be prevented under High-Load Conditions where relevant processing exhausts attentional resources. The theory is based primarily on the finding that distractor interference obtained in low load displays, when the target appears alone, is eliminated in high load displays when it is embedded among neutral letters. However, a possible alternative interpretation of this effect is that the distractor is similarly processed in both displays, yet its interference in the large displays is diluted by the presence of the neutral letters. We separated the possible effects of load and dilution by adding dilution displays that were high in dilution and low in perceptual load. In the first experiment these displays contained as many letters as the high load displays, but their neutral letters were clearly distinguished from the target, thereby allowing for a low load processing mode. In the second experiment we presented identical multicolor displays in the Dilution and High-Load Conditions. However, in the former the target color was known in advance (thereby preserving a low load processing mode) whereas in the latter it was not. In both experiments distractor interference was completely eliminated under the Dilution Condition. Thus, it is dilution not perceptual load affecting distractor processing.
Introduction
The theory of perceptual load (Lavie & Tsal, 1994) proposes that the processing load of the relevant task determines the extent to which irrelevant distractors are processed. With a low load in relevant processing, left over resources inevitably spills over to process irrelevant information. The processing of irrelevant distractors could be prevented only when the high load in relevant processing exhausts attentional resources. Whereas load theory has been supported by numerous studies (e.g., Beck & Lavie, 2005; Lavie, 1995; Lavie & Cox, 1997; Lavie & Fox, 2000) there have also been various other studies manipulating load jointly with other factors such as the relative salience of target and distractors (Eltiti, Wallace, & Fox, 2005) , target-distractor proximity and similarity (Paquet & Craig, 1997) , cuing (Johnson, McGrath, & McNeil, 2002) and blocking of low load and high load displays (Theeuwes, Kramer, & Belopolsky, 2004) and showing that these factors may be more important than perceptual load in determining selection efficacy.
In most studies investigating load theory, perceptual load has been manipulated with display size. Thus, in the Low-Load Condition the target appeared by itself in one of several possible positions. In the High-Load Condition the target was embedded among several neutral letters. Efficacy of selection was measured by the effect of an incongruent relative to a neutral distractor appearing somewhat remotely from the target. Typically, substantial interference was observed under the Low-Load Condition, but was either markedly reduced or completely eliminated under the High-Load Condition. This finding was interpreted as supportive of load theory (e.g., Lavie, 1995) by assuming that reduced interference under the High-Load Condition is due to the fact that a great deal of attentional resources was required for searching the target among neutral items, leaving no spare resources to be captured by the irrelevant distractor.
This common use of display size is unfortunate as it completely confounds perceptual load with the dilution of the distractor by the neutral letters. That is, in the Low-Load Condition the incongruent distractor was the only stimulus appearing in addition to the target thereby exerting its maximal influence. In the High-Load Condition, on the other hand, the incongruent distractor was likely to have been diluted by the neutral letters as the representation of their features were highly activated in the process of searching for the target. Our specific alternative dilution interpretation is built upon the early visual interference account proposed by Brown, Roos-Gilbert, and Carr (1995) to explain the Stroop dilution phenomenon (Kahneman & Chajczyk, 1983) . We propose that in order for distractor interference to be manifested in an increased congruency effect the representation of the incongruent distractor ought 0042-6989/$ -see front matter Ó 2010 Elsevier Ltd. All rights reserved. doi:10.1016/j.visres.2010. 04.018 to be sufficiently strong to enter lexical memory and then activate the target-opposite response category thereby delaying response to the target. This can be easily achieved in low load displays containing the target and the distractor only. However, when different neutral letters possessing visually similar features to those of the distractor are added in the high load displays, their features compete with those of the incongruent distractor, degrade the quality of its visual representation, thus, substantially reducing the amount of lexical analysis achieved by its corresponding lexical representation. This, in turn, strongly interferes with the activation of the opposite response category, thereby reducing or eliminating the congruency effect. Note that unlike the concept of ''perceptual load" the concept of ''dilution" is clearly defined. The definition of perceptual load has been guided by intuitions as to what may constitute more difficult processing. This has sometimes (e.g., Lavie, 1995) but not always (e.g., Lavie & Robertson, 2001 ) been coupled with a manipulation check of overall RT. Clearly, overall RT in itself reflects a general increase in task difficulty rather than a pure measure of perceptual load. Dilution, on the other hand, simply implies the mere presence of different neutral letters whose features are visually similar to those of the distractor.
In an attempt to distinguish between the possible effects of perceptual load and dilution Tsal and Benoni (in press ) introduced a Dilution Condition presenting low-load high-dilution displays. These displays contained neutral letters (as in High-Load Conditions) capable of diluting the distractor. Yet, they were clearly distinguished from the target thereby allowing for a low load processing mode. For example, the neutral letters were heterogeneous and shared features with the distractor (and target) but were distinguished from the target by color. In four experiments, using different converging manipulations, distractor interference completely disappeared under the Dilution Condition. Tsal and Benoni therefore concluded that, irrespective of perceptual load, the mere presence of neutral letters are capable of eliminating distractor interference and that the display size effect, misattributed in the literature to perceptual load is, in fact, fully accounted for by dilution.
Given the impact of perceptual load theory over the past decade, it was deemed useful to reinforce our alternative conclusions with convergent and improved methodology which overcomes some limitations in our previous study as explicated in the introductions to the two experiments below.
Experiment 1
In the Dilution Condition of the first experiment the target was distinguished from the neutral letters by color. The perceptual load account predicts that in this condition the incongruent peripheral distractor would produce substantial interference, similarly to the Low-Load Condition, since minimal resources are required for processing the clearly distinguished target. The alternative dilution interpretation, on the other hand, predicts that this irrelevant interference would largely be reduced or eliminated similarly to the High-Load Condition, since the mere presence of the neutral letters would dilute the interference effect produced by the peripheral distractor.
The rationale of the present experiment is similar to that of the first experiment reported by Tsal and Benoni (in press ). However, since the latter study used only two colors in the display, one could possibly argue that the dilution manipulation affected the grouping of the distractor and the neutral letters. Furthermore, since the colors were not substituted within conditions some of the effects could possibly be attributed to the properties of the specific colors used. Further display manipulations prevented problems inherent in the color experiments of our previous study. The color of the target, either red or green, was identical in all conditions and within each condition these colors were switched between participants. Thus the results could not be attributed to any differences in color salience. Furthermore, to avoid grouping of the distractor and the neutral letters in the dilution displays, in the present experiment we used three different colors: a white distractor, a green (red) target and red (green) neutral letters.
Method

Participants
The participants were 15 undergraduates from Tel-Aviv University, who participated to fulfill a course requirement. All had normal or corrected visual acuity and normal color vision.
Apparatus
The experiment was conducted in a dimly lit room. Displays were generated by an IBM PC computer attached to a 17 00 monitor. Responses were collected via the computer keyboard. A chinrest was used to stabilize viewing distance at 45 cm from the monitor.
Stimuli
Examples of stimulus displays are presented in Fig. 1 . All stimuli were presented on a black background. The target subtended 0.50 deg in height and 0.41 deg in width and was randomly placed in one of four possible corners of an imaginary square centered at fixation and subtending 0.85 deg in side. The distractor subtended 0.92 deg in height and 0.77 deg in width and was centered at random and equally often at 1.55 deg either to the right or to the left of fixation. The target was either a C or an S (requiring one response) or either an H or a K (requiring another response). Half of the distractors were congruent with the target, i.e., belonged to the same response category (e.g., half H distractors and half K distractors for an H target) and half were incongruent, i.e., belonged to the opposite response category (e.g., half S distractors and half C distractors for the H target). The four possible target letters were equally frequent and randomly intermixed. For each target letter the four possible distractors were randomly intermixed. In the Low-Load Condition the target was presented alone, randomly and equally often in one of four possible corners of the imaginary square and three horizontal lines, each subtending 0.15 deg in length, were placed in the other positions not occupied by the target. In the High-Load and Dilution conditions the target was presented randomly in one position and three different neutral letters, identical in size to the target (0.50 Â 0.41 deg) were randomly sampled from the set: D, N, V and Z, and placed in the three central positions not occupied by the target. There were two color versions in this experiment: in the first version the target was red (color 2 Â 14 in the palette) and the distractor was white (color 1 Â 1 in the palette) in all conditions. In the Low-Load Condition the three horizontal lines were green (color 15 Â 2 in the palette). In the High-Load Condition the neutral letters were red (color 2 Â 14 in the palette). In the Dilution Condition the neutral letters were green. In the second version the red and green colors were switched. Thus, the target was green and the distractor was white, the neutral letters were green in the High-Load Condition and red in the Dilution Condition and the horizontal lines in the Low-Load Condition were red. The fixation display was a small (0.38 Â 0.38 deg) central white cross.
Design
The design was blocked and each participant was presented with the three different conditions (Low-Load, High-Load, and Dilution) in different blocks of trials. The order of condition presentation was randomized. Participants were randomly assigned to one of the two versions of colors. Each condition included 120 trials and was preceded by 16 practice trials.
Procedure
Participants were instructed to respond as fast and as accurately as possible to the central target while ignoring the peripheral distractor. They were directed to press the ''L" key with their right index finger when the target was either a C or an S and the ''A" key with their left index finger when the target was either an H or a K.
Each trial began with a 500 ms fixation display followed by a 500 ms blank interval followed by a 120 ms stimulus. Error trials were followed by a feedback beep only for the practice trials.
Results and discussion
One participant was excluded from the analyses since his error rate was 48%.
Reaction times
Incorrect responses and responses deviating by more than two standard deviations from the means of specific trial types (e.g., congruent trials in the Low-Load Condition) (4.4%), were removed from the RT analyses. Mean RTs for congruent and incongruent trials under the three conditions are shown in Fig. 2 . The figure suggests that, as predicted by the dilution proposition, the congruency effect obtained for the Low-Load Condition but not for the HighLoad Condition was also eliminated under the Dilution Condition. The specific 2 Â 2 within-subjects ANOVAs below compared performance between the three conditions, and indeed, corroborated these observations. The first analysis assessed the dilution effects by comparing the Low-Load and Dilution conditions. The second analysis assessed the true load effect (i.e., when dilution is controlled for) by comparing the Dilution and High-Load conditions. The third analysis assessed the traditional perceptual load effect (i.e., with the dilution confound) by comparing the Low-Load and High-Load conditions.
A comparison between the congruency effects in the Low-Load and Dilution conditions assessed the effect of dilution on distractor interference since both conditions allowed for a low load processing mode (as the target appeared either alone or was clearly distinguished from the neutral distractors), but only the Dilution Condition included the neutral letters as potential diluters. The analysis indicated that the main effect of Condition was not significant (F(1, 13) = 0.423, p = .527). The main effect of congruency was also not significant (F(1, 13) = 1.609, p = .227). Most importantly, the interaction between these two factors was highly significant (F(1, 13) = 9.423, p = .009), indicating a greater congruency effect in the Low-Load Condition than in the Dilution Condition. Moreover, further analyses of simple effects indicated that while the Congruency effect was significant for the Low-Load Condition (F(1, 13) = 5.817, p = .031), it was completely eliminated in the Dilution Condition (F(1, 13) = 0.0046, p = .946). Hence, the substantial distractor interference under the Low-Load Condition was not due to low load processing but rather to the absence of dilution produced by the neutral letters.
The second analysis compared the congruency effect between the High-Load and Dilution conditions. This ANOVA assessed the effect of perceptual load since the former required a high load processing mode and the latter enabled a low load processing mode, yet, both contained neutral letters capable of diluting the distractor interference. The analysis indicated that responses in the Dilution Condition were faster than those in the High-Load Condition (F(1, 13) = 71.62, p < .001), but neither Congruency (F(1, 13) = 0.015, p = .903), nor the interaction (F(1, 13) = 0.015, p = .885) approached statistical significance. Hence, the present results show that when dilution is properly controlled for, perceptual load has absolutely no effect on distractor interference.
The third analysis comparing between the congruency effects in the Low-Load and High-Load conditions assessed the replication of the traditional load effect reported in the literature (e.g., Lavie, 1995; Lavie & Cox, 1997) . The analysis revealed that the main effect for Condition was significant (F(1, 13) = 78.592, p < .001) and that for Congruency approached significance (F(1, 13) = 3.552, p = .082). The interaction between Condition and Congruency was not significant (F(1, 13) = 1.336, p = .27). However, analyses of simple effects showed that the congruency effect was significant under the Low-Load Condition (F(1, 13) = 5.817, p = .031) but not under the High-Load Condition (F(1, 13) = 0.029, p = .867). Thus, the present results partly replicate the perceptual load effect reported in previous studies. It should be noted that in our previous study (Tsal & Benoni, in press) we replicated this effect in only two (a significant interaction in one experiment and approaching significance in another) of the four experiments. In summary, the results of the first experiment clearly show that adding clearly distinguishable neutral letters that preserve a low load processing mode eliminates the interference of the distractor. This finding supports the conclusion that the reported elimination of distractor interference under High-Load Conditions (e.g., Lavie, 1995) is not due to higher perceptual load, but rather to the dilution of interference produced by the neutral letters presented in the high load displays. Interestingly, this elimination of interference under the Dilution Condition took place without any increase in overall RT. Hence, while the mere presence of visually similar neutral letters degrades the representation of the distractor, it has no effect on target processing. This finding points to an interesting distinction between relevant and irrelevant processing. Clearly, the relevant target receives processing priority over the irrelevant neutral letters and distractor. As the target is clearly distinguished and actively processed it is not interfered by the neutral letters. The representations of the low priority ''passively" processed neutral letters and distractor are naturally more fragile hence resulting in mutual interference.
Accuracy
A comparison between the Low-Load and High-Load conditions showed that the two main effects were significant (F(1, 13) = 4.84, p = 0.046 for Condition; F(1, 13) = 5.43, p = 0.036 for Congruency), and the interaction was marginally significant (F(1, 13) = 3.42, p = 0.087). A comparison between the High-Load and Dilution conditions showed that the main effect of Condition approached significance (F(1, 13) = 3.98, p = 0.067). Neither the main effect for Congruency (F(1, 13) = 0.002, p = .904), nor the interaction (F(1, 13) = 0.078, p = .392) reached statistical significance. A comparison between the Low-Load and Dilution conditions indicated that the two main effects did not reach significance (F(1, 13) = 0.41, p = 0.532 for Condition; F(1, 13) = 1.67, p = 0.221 for Congruency) but the interaction did (F(1, 13) = 8.2, p = 0.013). Analyses of simple effects indicated that while the difference in accuracy rate between congruent and incongruent trials was significant in the Low-Load Condition (F(1, 13) = 8.079, p = .013), it was eliminated in the Dilution Condition (F(1, 13) = 0.246, p = .627). Thus, the accuracy analyses show parallel results to those obtained in the RT analyses.
Experiment 2
In the second experiment the High-Load and Dilution displays were identical. Thus, the pattern of results could not be attributed to any possible differences between displays but rather to the low load and high load processing modes for exactly the same displays. Different processing modes were achieved by manipulating the preknowledge of the target color. In both the Dilution and HighLoad conditions participants were presented with the same multicolor row of letters containing a target and five neutral letters. In the High-Load Condition the row of letters had to be searched thereby necessitating a high load processing mode. In the Dilution Condition the target color was known in advance thus allowing for a low load processing mode. Furthermore, to assess the effect of color preknowledge itself (and also the added effect of possible repetition color priming) on distractor interference two Low-Load Conditions were run, one with and one without, color preknowledge of the target.
The rationale of the present experiment is generally similar to that of the last two experiments reported by Tsal and Benoni (in press ). However, whereas in our previous study the low load displays contained a single target following the manipulation of Lavie (1995) , in the present study we adopted the newer manipulation, first proposed by Lavie and Cox (1997) and subsequently used in various load studies. This manipulation is based on the study of Duncan and Humphreys (1989) who suggested that effective selection is determined by target-distractor dissimilarity and by distractor homogeneity. Hence, in Lavie and Cox (1997) study in the Low-Load Condition the target (X or Z) was embedded among Os. Thus, low perceptual load was achieved by low similarity between the target and the neutral letters and by a high level of homogeneity of the neutral items. In the High-Load Condition the target was embedded among different letters that were visually similar to the target. Thus, high perceptual load was achieved by high similarity between the target and the neutral letters and by a low level of homogeneity of the neutral items. The present experiment addressed this manipulation directly. Participants were presented with multicolor displays. In the Low-Load Condition a target was embedded among Os of different colors. In the High-Load and Dilution conditions the target was embedded among different letters of different colors that were visually similar to the target as described above.
Method
Participants
The participants were 10 undergraduates from Tel-Aviv University, who participated to fulfill a course requirement. All had normal or corrected visual acuity and normal color vision.
Apparatus
The apparatus was the same as that in Experiment 1 except that the viewing distance was set at 60 cm from the monitor.
Stimuli
The stimuli, design and procedure were identical to those used in Experiment 1 of Lavie's (1995) study, except that we used multicolor displays, added Os to the Low-Load Condition and also eliminated the neutral displays. Examples of stimulus displays are presented in Fig. 3 . All stimuli were presented on a black background. The target and neutral letters subtended 0.64 deg in height and 0.48 deg in width and the distractor subtended 0.96 deg in height and 0.64 deg in width. The target and neutral letters were lower case whereas the distractor was uppercase. The target was either an x or a z. The distractor was either an X or a Z. Thus, the distractor could either be congruent (identical to the target), or incongruent (identical to the nonpresented target). The two possible target letters were equally frequent and randomly intermixed. For each target letter the two possible distractors were equally frequent and randomly intermixed. The target and neutral letters were presented along a central horizontal row subtending 4.8 deg of visual angle. The distractor was centered at random and equally often at 2.05 deg either above or below fixation. In the High-Load and Dilution conditions participants were presented with a central horizontal row of six letters of different colors, one was the target and five were the neutral letters (k, n, s, u and v). The six colors were: red (color 14 Â 8 in the palette), gray (color 16 Â 8 in the palette), green (color 15 Â 2 in the palette), blue (color 14 Â 3 in the palette), pink (color 2 Â 16 in the palette), and yellow (color 3 Â 9 in the palette). The colors were randomly paired with the letters. In the two Low-Load Conditions the target was randomly presented in one of the six positions and its color was randomly and equally often selected from the six colors above and the other five positions were randomly occupied by five Os in the five remaining colors. In the Low-Load1 and High-Load conditions the target color was randomized within each block. In the Low-Load2 and Dilution conditions the participants were presented with the same color throughout a block (six different colors for the six blocks) and were informed before each block of the target color that was presented throughout that block. The fixation display was the same as that in Experiment 1.
Design
Each participant was presented with the four different conditions (Low-Load1, Low-Load2, High-Load, and Dilution). The order of condition presentation was randomized. Each condition presented 204 trials divided into six 34-trial blocks and was preceded by a block of 16 practice trials.
Procedure
The procedure was the same as that of Experiment 1 except that participants pressed the ''L" key with their right index finger when the target was z and the ''A" key with their left index finger when the target was x. The sequence of events was the same as that in Experiment 1 except that the stimulus display was presented for 200 ms.
Results and discussion
Reaction times
Incorrect responses and responses deviating by more than two standard deviations from the means of the specific trial types (5%), were removed from the RT analyses. Mean RTs are presented in Fig. 4 . The analyses were similar to those of Experiment 1. The first analysis assessed the dilution effects by comparing the Low-Load and Dilution conditions. The second analysis assessed the true load effect (i.e., when dilution is controlled for) by comparing the Dilution and High-Load conditions. The third analysis assessed the traditional perceptual load effect (i.e., with the dilution confound) by comparing the Low-Load and High-Load conditions. The forth analysis assessed the effects of color preknowledge by comparing between the two Low-Load Conditions. Given that we had two Low-Load Conditions (with and without preknowledge of target color), in comparing Low-Load with Dilution and Low-Load with High-Load we repeated the analyses for both types of Low-Load (which produced the same effects) and report in parentheses the separate statistical values of both for each of the analyzed effects.
A comparison between the Low-Load and Dilution conditions showed that all effects were highly significant (F(1, 9) = 11.367, p = 0.008; F(1, 9) = 53.629, p < 0.001) for Condition, (F(1, 9) = 11.710, p = 0.008; F(1, 9) = 6.234, p = 0.025) for Congruency, and (F(1, 9) = 9.09, p = 0.015; F(1, 9) = 8.067, p = 0.019) for their interaction). A further analysis of simple effects indicated that the congruency effect was completely eliminated for the Dilution Condition (F(1, 9) = 0.116, p = 0.741). Thus, as in Experiment 1, the results show that the presence or absence of distractor interference is completely accounted for by dilution rather than by perceptual load.
A comparison between the Dilution and High-Load conditions indicated that the main effect of Condition was highly significant F(1, 9) = 43.610, p < 0.001, but the main effect of Congruency and the interaction between the two factors, were not: (F(1, 9) = 2.354, p = 0.159 for Congruency, F(1, 9) = 0.975, p = 0.349 for the interaction). Hence as in the first experiment the nonsignificant interaction clearly shows that when dilution is controlled for, perceptual load has no effect on distractor interference.
A comparison between the Low-Load and High-Load conditions showed that the two main effects were significant (F(1, 9) = 37.661, p < .001 ; F(1, 9) = 65.926, p < 0.001 for Condition, and F(1, 9) = 8.151, p = 0.019; F(1, 9) = 4.211, p = 0.070 for Congruency), but not their interaction (F(1, 9) < 0.001, p = 0.993; F(1, 9) = 0.012, p = 0.914). We conducted further analyses of simple effects which indicated that while the Congruency effects were significant for the Low-Load Conditions (F(1, 9) = 24.360, p = .001; F(1, 9) = 12.167, p = .007), it was not significant under the High-Load Condition (F(1, 9) = 1.593, p = 0.238). The results are similar to those of Experiment 1; although they did not formally replicate the perceptual load effect (i.e., a nonsignificant interaction) they do show a tendency for a greater congruency effect in the Low-Load Conditions than in the High-Load Condition.
The final analysis compared between the two Low-Load Conditions. This ANOVA showed that the two main effects were highly significant (F(1, 9) = 9.253, p = 0.014 for Condition, and F(1, 9) = 228.841, p < 0.001 for Congruency), but the interaction between them was not (F(1, 9) = 0.034, p = 0.857). Hence, preknowledge of target color, as well as possible color priming resulting from the repetition of the same color throughout the block in the Low-Load 2 Condition but not in the Low-Load 1 Condition does not affect distractor processing. This finding is also relevant to studies investigating the efficacy of the location dimension relative to other dimensions (e.g., Tsal & Lavie, 1993) in pointing to a further difference between location and color. While preknowledge of target location affects both target and distractor processing, the present result show that preknowledge of target color affects only target processing.
Accuracy
A comparison between the Low-Load and High-Load conditions showed that the main effects of Condition were significant (F(1, 9) = 22.847, p = 0.001; F(1, 9) = 10.288, p = 0.011), the main effects of Congruency were marginally significant (F(1, 9) = 3.603, p = .090; F(1, 9) = 3.213, p = .107), whereas the interactions did not approach statistical significance (F(1, 9) = 0.885, p = .371; F(1, 9) = 1.399, p = .267). A comparison between the High-Load and Dilution conditions showed that the main effect of Condition was significant (F(1, 9) = 7.899, p = 0.020). Neither the main effect for Congruency (F(1, 9) = 3.213, p = .107), nor the interaction (F(1, 9) = 1.399, p = .267) approached statistical significance.
A comparison between the Low-Load and Dilution conditions indicated that none of the main effects and the interactions reached significance (all p s > 0.1). The comparison between the two conditions of Low-Load, indicated that none of the effects were significant (all p s > 0.1), except for the congruency effect that was marginally significant (F(1, 9) = 4.083, p = 0.074) Thus, the accuracy results were in general agreement with the RT results.
General discussion
Dilution vs. load
Two independent important findings are demonstrated in the present experiments: the substantial effect of dilution and the null effect of perceptual load. With respect to the dilution effect, in both experiments distractor interference was significantly smaller in the Dilution Condition than in the Low-Load Condition. Moreover, in both experiments, it was completely eliminated under the Dilution Condition. Clearly, the mere presence of neutral elements in displays that eliminate or minimize perceptual load abolishes distractor interference. This finding replicates the results obtained in each of the four experiments in our previous study (Tsal & Benoni, 2009) . The improved methodology of the present study strongly substantiates the conclusion that, indeed, the different interference patterns for large displays and small displays, misinterpreted in the literature as manifestations of perceptual load, are fully accounted for by dilution.
The second major finding of the present study concerns the assessment of the role of perceptual load in distractor interference when dilution is properly controlled for. The comparison between the High-Load and Dilution conditions assessed the true, dilutionfree load effect since the former required a high load processing mode and the latter enabled a low load processing mode, yet, both contained neutral letters capable of diluting the distractor. Evidently, true perceptual load had no effect whatsoever, as distractor interference was identically eliminated in the presence of neutral letters when similar (Experiment 1) or identical (Experiment 2) large displays either required high load processing (producing average RTs of 566 ms in the High-Load Conditions) or permitted low load processing (producing average RTs of 345 ms in the Dilution Conditions).
The present results also question the conclusions of most recent load studies claiming that perceptual load is a dominant factor in mediating a variety of perceptual phenomena such as negative priming (Lavie & Fox, 2000) , change blindness (Lavie, 2006) , the interference of task-unrelated stimuli (Forster & Lavie, 2008) , flicker detection (Carmel, Saker, Rees, & Lavie, 2007) , the startle eyeblink inhibition (Thorne, Dawson, & Schell, 2006) and various other perceptual phenomena. Unfortunately, in these studies perceptual load was manipulated with display size. Their conclusions are therefore nullified by the present results which show that manipulations of display size reflect the effects of dilution rather than those of perceptual load. We therefore propose that the results of the above and many other studies need to be reinterpreted leading to the conclusions that, in fact, it may be dilution, rather than perceptual load, that affects these perceptual phenomena.
What is Perceptual Load?
Generally, an inadequate selection of an operationalization (e.g., display size) for a given concept (e.g., perceptual load) could derive from either (a) lack of clarity of the concept, (b) problems associated with the manipulation itself, or (c) the underspecified relationship between the concept and its operationalization. We believe the problem lies in the former. That is, the problematic choice of display size as the major operationalization of perceptual load originates from the lack of an adequate definition of this concept. We therefore dedicate the last section to a theoretical analysis of the concept of ''perceptual load".
How ought perceptual load be operationally defined? As a hypothetical construct it needs to be validated by related observables, either by its antecedents, i.e., related stimulus observables or by its consequents, i.e., related response observables. However, it seems that this concept could be verified by neither. Perceptual load could not be validated by rigorous stimulus manipulations since the manipulation of display size as well as the difficulty of perceptual operations are both confounded with sensory and cognitive factors. Nor could it be validated by its dependent measure. Overall reaction times (sometimes used as a manipulation check for perceptual load) assess overall task difficulty entailing sensory limitations and cognitive demands, and as such could not be used as a pure measure of perceptual load.
Thus, while the major building block of load theory, perceptual load is a vague term that has never been clearly and precisely defined and its consequent operationalizations have been guided primarily by intuitions rather than by rigorous rules. Indeed, theoretical concepts in general may vary in the precision or clarity of their definitions. Still, there are two reasons why the concept of perceptual load, in particular, requires a solid definition. First, the theory puts a heavy burden on the concept of perceptual load in claiming that not only is it a factor in influencing irrelevant processing, but rather that it is the only factor determining whether processing would be characterized as early selection or as late selection (provided that relevant and irrelevant information is spatially distinguished). For a concept to assume such a pivotal role in a major debate in the literature requires that it be fully, clearly and precisely defined.
Second, the subsequent expanded load theory has argued that whereas increased perceptual load reduces irrelevant interference, increased cognitive load (Lavie, Hirst, De Fockert, & Viding, 2004) and increased sensory load (Lavie & DeFockert, 2003) , in fact, produce the opposite effects. Hence, perceptual load needs to be precisely defined so that manipulations of perceptual load could apriori be clearly distinguished from those of cognitive or sensory load so as to rule out any possible bias in assigning a particular load to a particular pattern of results obtained. A close review of the literature suggests that this may be an impossible task because distinctions between these concepts are often fuzzy. For example, three different studies have manipulated sensory load (duration and masking (Handy & Mangun, 2000) , random degradation with salt and pepper noise (Yi, Woodman, Widders, Marois, & Chun, 2004) ) and claimed support of load theory because they assumed, it was perceptual load (rather than sensory load) they had manipulated.
The discussion above suggests that the problem of perceptual load theory may extend the choice of the particular manipulation of display size investigated in the present study, but perhaps reflect an insurmountable difficulty inherent in the concept of perceptual load itself. Hence, while our results pertain directly to manipulations involving display size, the theoretical arguments above questions perceptual load theory as a whole. Two points should be further emphasized. First, the theory of perceptual load is based primarily on evidence obtained with display size manipulations as the majority of studies have used this as a manipulation of perceptual load and there have been fewer studies using alternative manipulations. Second, studies of perceptual load using manipulations other than display size are problematic for different reasons. These studies have required participants to perform either an easy perceptual operation (low perceptual load) or a difficult perceptual operation (high perceptual load) on the same stimulus display. Unfortunately, as discussed by Tsal and Benoni (in press ), such manipulations hardly reflect a pure perceptual operationalization as they are capable of influencing sensory or cognitive demands as well. Consider for example the go-no go task used by Lavie (1995) . In the low perceptual load condition participants responded to the target when a central shape was blue and withheld their responses when it was red. In the high perceptual load condition participants responded when the shape was either a red circle or a blue square and withheld their responses when it was either a blue circle or a red square. Clearly, the high perceptual load condition was also more cognitively demanding than the low perceptual load condition as it required participants to hold a great deal more information in memory in the process of responding to the target. Similar confounds of cognitive and perceptual demands are evident in other manipulations of perceptual load such as detection vs. identification (Lavie, 1995) , or identifying the letter case vs. counting the number of syllables (Rees, Frith & Lavie, 1997) .
